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FOREWORD

This report was prepared by the National EBuresu of Standards
under Air Force Order No. AF 33(616)-56-13. The contract was
initiated under "Froject No. 7340 - Non-Metallic and Composite Mate-
rials% Task No. 73400 - "Organic and Inorganic Plastics.® The work
was under the direction of the Materials Laboratory, Directorate of
Laboratories, Wright Air Development Division, with Mr, R, E, Wittman
a8 project officer,

This report covers work conducted from January 1959 to December

1959.

The mechanicel testing was performed in the Glass Section under
Mr. C, F. Hahner, the Section Chief., The statistical analysis was
made by J. M. Cameron of the Stetisticel Engineering Section.
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AESTRACT

In order to establish reeslistic design informetion epplicetle to seversl
speciel glesses, dete have been obtained on the stress-rupture charecteristics
end the elongetion during the stress-rupture tests st room tempeiesture, 700°F,
and e temperature 50°C below the strain point for Corning Glesses 1723 end 7740,

and Pittsburgh Plate Glass 3325. Data are also presented on the effect of the
rate of loading on strength.

PUBLICATION REVIEW
This report hes been reviswed and is approved.

FOR THE OOMMANDER:

e otes

Chief, Plastics Brench
Nommetallic Maeteriels Laborstory
Materisls cCentrel
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INTRODUCTION

The high speeds of modern aircraft and the resulting high
operating temperatures they face presents the problem of finde
ing a material for aircraft enclosures that will withstand
high temperatures as well as stresses introduced by thermal
gradients and loading. For the proper utilization of glass in
these applications, accurate information on its properties at
elevated temperature is required.

This program was initiated by the Wright Air Development
Center with the objectives of: 1) develoging test methods for
measuring the effect of temperature on the physical properties
of glass, and 2) determining the properties of some presently
available commercial glasses that appear to be suitable for
aircraft glazing. The properties determined were stress-
rupture and creep during stress-rupture. Corning Glass Works
(CGW) 1728 and Pittsburgh Plate Glass (PPG) 3235 were tested in
the annealed, semi-tempered and tempered conditions while
Corning Glass Works (CGW) 7740 was tested in the annealed and
semi-tempered conditions.,

This report is the fourth annual summary report and covers
the work completed between 1 January 1959 and 31 December 1959,

Manuscript released by authors, February 1960 for publication
as a WADC Technical Report.
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SPECIMENS

The glasses that were tested are listed in Table I along
with their coefficients of expansion and strain points.

Table I. Glasses Tested

Coefficient of 1/
Glass Expansion Strain Point=
10-7 per °C oC oF
PPG 3235
(Borosilicate) 6240 493 920
CGW 1723
(Aluminosilicate) 42.0 672 1242
CGW 7740
(Borosilicate) 3240 515 959

Specimens were 10 inch by one~ande-a-half inch strips cut
from pfate glass approximately onee-quarter inch thick. Specimens
were from the same lots that were used for the other testing (1).
The CGW 1723 specimens were tested in the annealed, semi~tempered,
and tempered condition as were the PPG 3235 specimens. The CGW
7740 specimens were tested in the annealed and semi-tempered
conditions, All specimens were sandblasted. The sandblasting was
applied to a circular area one and oneequarter inches in diameter
in the center of the side of the specimen opposite the scored
surface. The specimens were loaded so the sandblasted side was
tested in tension. Details of specimen preparation have been
previously reported (1),

1/ The strain point is defined by ASTM (C 162-56) as: “"The
temperature at which the internal stress is substantially
relieved in four hours. The strain point corresponds
generally to the lower end of the annealing range. The
strain point corresponds to a viscosity of 101450 poises

when measured by the Method of Test for Annealing Point and
Strain Point of Glass (ASTM Designation: C336).

WADC TR 56645 Pt IV 2



APPARATUS AND PROCEDURE

The stresse-rupture and creep specimens were tested in
flexure on the stress-rupture apparatus; they are supported
on knife edges eight inches apart and are loaded through two
knife edges two inches apart. Hanging dead weights supply
the load. Sixteen stress-rupture assemblies are mounted in
individual furnaces and eight are mounted in a constant
temperature-humidity chamber. A differential transformer
mounted above each specimen measures the amount of deflection
and creep; plotting deflection against time on a strip chart.
A detailed description of the stress-rupture testing apparatus
has previously been reported (2).

Three test temperatures were used: 75°F (and 50% relative
humidity), 700°F, and a temperature 50°C (122°F) below the
strain point of the glasss Three stress levels were used at
each temperature, and these were a percentage of the average
modulus of rupture determined at the testing temperature. Ten
specimens were tested at each condition of temperature and
stress,

Specimens were stressed for $00 hours, or until creep
became excessive for the apparatus or the specimen broke.

WADC TR 56-645 Pt IV 3



RESULTS & DISCUSSION

Stress-Rupture and Creep

The results of the stress rupture tests made at 75°F on the
three glasses are presented as a graph, The results of the
elevated temperature tests are not plotted because of the few
failures that occurred in the 500 hour test period. The results
for each specimen tested in stress~rupture are presented in
Appendix I,

The results of the creep tests are presented as curves; two
figures are presented for each condition of temper for each glass.
The two figures picture the same data: the first, plotted on an
arithmetic time scale, shows the results of first three hours of
test and the second, plotted on logarithmic time scale, shows the
entire creep curves Creep curves that do not extend the entire
500 hour period indicate that creep became excessive for the test
apparatus and the test was halted. The curves were obtained by
plotting the average deflection of the ten test specimens or when
failures occurred the average deflections of the specimens that
survived at the testing temperature,

WADC TR 56=645 Pt IV 4



Stress-Rupture and Creep of PPG 8235

The results of the stresse-rupture tests made at 75°F on
PPG 3235 specimens are presented in Figure 1, The results
show that at 75°F some failures of annealed specimens occurred
at 45% stress. At 700°F two specimens broke at 60% stress., At
830°F, one specimen broke at 60% stress and one specimen broke
at 751 stress,

The results for the semi-tempered specimens showed no faile
ures at 70% stress but failures occurred at 80% and 90% stress.
The stress-rupture tests at elevated temperatures showed no
failures at 700°F and only one at 830°F, occurring at 70% stress.

The tempered specimens tested at 75°F showed no failures in
the stress-rupture tests at 70% and 80% stress but did show some
failures at 90% stress. At 700°F there were three failures at
90% stress and none at 70% and 80% stress. At 830°F there was
one failure at each of the three stress levels, Detailed results
of the stress-rupture testing are presented in Appendix I,

Creep was observed at both 700°F and 830°F at all three
stress levels and for all three conditions of temper. The creep
curves are presented in the following figures: annealed, 2 and 3;
semi-tempered, 4 and 5; tempered, 6 and 7,

WADC TR S56-645 Pt IV S
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Stress-Rupture and Creep of CGW 1723

The results of stresse-rupture tests made at 75°F on
CGW 1723 specimens are presented in Figure 8, The results
show that annealed specimens broke at the 45% stress at 75°F.
At 700°F, only one specimen failed and that was at 75% stress.
At 1150°F one specimen failed at 60% and three at 75% stress.

With semie~tempered specimens tested at 75°F there was only
one failure at 60% stress level but there were more failures at
the 75% and 90% levels. At 700°F, only one specimen failed and
that was at 90% stress. At 1150°F, two specimens failed, both
at 90% stress.

The tempered specimens tested at 75°F showed no failures
at 60% and 75% stress levels but showed failure at the 90% level,
There were no failures at 700°F and only two at 1150°F, both at
90% stress. Detailed results of the stress-rupture testing are
presented in Appendix I,

No creep was noted at 700°F for the annealed specimens, but
creep was noted for all three stress levels at 1150°F. The creep
igrves for the annealed specimens are presented in Figures 9 and

A small amount of creep was noted for the semie«tempered
specimens at 700°F, the amount being approximately the same for
all three stress levels, At 1150°F creep was appreciable for
all three stress levels. The creep curves obtained for the
semi-tempered specimens are presented in Figures 11 and 12,

A small amount of creep was noted at 700°F for the t red
specimens with the amount of creep being appreciable for al
three stress levels at 1150°F, The creep curves obtained for
the tempered specimens are presented in Figures 13 and 14.
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Stress-Rupture and Creep of CGW 7740

The results of stress-rupture tests made at 75°F on
annealed and semi-tempered CGW 7740 specimens are presented
in Figure 14, The results for annealed specimens show there
were no failures in 500 hours at 45% stress, but failures
occurred at 60% stress and 75% stress at 75°F., At 700°F
there were no failures at 45% stress but failures occurred
at 60% and 75% stress. At 870°F there were no failures at
45% and 60% stress but fajilures occurred at 75% stress.

The results for the semi-tempered specimens show no
failures at 60% stress, but failures occurred at 75% and 90%
stress at 75°F. At 706‘? there were no failures but at 870°F
there were failures at all three stress levels.,

Creep was noted for both annealed and semi-tempered
specimens at both 700°F and 870°F at all three stress levels.
The annealed creep curves are presented in Figures 15 and 16;
the semi-tempered creep curves in Figures 17 and 18,
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The Effect of the Rate of Loading on the Modulus of Rupture

The modulus of rupture was determined on groups of 15
annealed, sandblasted specimens of PPG glass tested at several
rates of loading. The specimens were from the same lot, and
were the same size as those used in the work previously re-
ported (2). The testing was conducted at 75°F on the same
apparatus and with the same techniques as used for the other
modulus of rupture work. A graph of the results obtained is
shown in Figure 20, In addition to the NBS data the data of
Black (3) and Orr (4) are presented for comparison. The data
presented by Black and Orr were obtained on ground and polished
specimens of a different size than used for the NBS work. Howe
ever, the interesting point is that although all three curves
show a decrease in strength with a decrease in loading rate,
the rate of decrease for the ground and polished specimens is
much greater than for the sandblasted specimens.

Table II gives the location of the fracture origin, the
average modulus of rupture and the standard deviation for the
various loading rates. Differences, at the 5% level of signife
icance, between the moduli of rupture at the various loading
rates are also listed in this table. Detailed results are
given in Appendix II.

A linear equation was fitted to the modulus of rupture -
rate of loading data. The equation developed is:

Modulus of Rupture = 4555 + 533elog/loading rate]

The modulus of rupture is in psi and the loading rate is in
psi/min. The 95% confidence limit for the slope is 533 + 208,
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The average mirror radiual/ is also presented in Table II.
It can readily be seen that as the strength increases the
mirror size decreases. A logelog plot of the individual mirror
sizes versus the modulus of rupture, Figure 21, shows they tend
to fall on a straight line similar to the results previously
reported for an annealed glass (2). This would seem to show
the rate of loading has no apparent effect on the mirror size.
However, since the loading rate does affect the strength which
in turn affects the mirror size,

the linear equation
Mirror size = 0,2305 =(.0341)log(loading rate)

where mirror size is in inches and loading rate is in psi per
minute, fits the data.

The 95% confidence interval for the slope is =.0341 + ,0128

l/ Mirror radius was determined by measuring, along the edge
of the fracture face that was in tension, the length of
the smooth, or mirror, portion of the fracture face and
dividing by 2.
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APPENDIX I

INDIVIDUAL RESULTS FOR STRESS=RUPTURE TESTS

The individual results for the stress-rupture work on

PPG 82385, CGW 1728, and CGW 7740 are presented hexre in Tables
III through XXVI. The columns in the tables are titled with
Roman numerals and the information under them is:

Column:

I.
II.

III,

Ve

Identification number of specimens.

Time in seconds that specimen sustained load before break-
inge When an asterisk (*) is in this column the specimen
did not creep or break in 500 hours., When C is shown in
this column the specimen crept; in S00 hrs or less. In

the tests made at 50°C below the strain point, the specimen
was invariably removed before 500 hours because creep bee
came excessive for the apparatus. When a number followed by
C is shown, the specimen crept before breaking in the ine
dicated time.

Fracture origin. S = fracture originated on the surface of
the specimen, E - fracture originated on the edge of the
specimen,

Radius of the mirror portion of the fracture surface in
inches,

Distance of the fracture origin from one end of the speci=
men. A distance of four inches indicates that the fracture
was directly below one of the loading knife edges while a
distance from four to five inches indicates that fracture
occurred between the two loading knife edges.
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Table III, Individual stresserupture results for
PPG 3235 annealed, sandblasted specimens
tested at 75°F

45% Stress (3,005 psi)

I II III IV \'f
214 2,700 E - 4=1/2
2?% 738$900 S - S0

16 * - - -

€4 * - - -

65 * - - -
114 * - - -
115 * o - -
164 * - - -
215 * - - -

60% Stress (4,005 psi)

I II III IV \')
216 3,666 S - 5.0
167 36,780 E - 4,0
217 78,460 S « 388 S.0

17 129,480 S 0217 Se0
lgg 779:880 S 0492 4=1/2

66 * - - -

67 » - - -
116 * - - -
117 * - - -

75% Stress (5,010 psi)

I II II1 IV v
119 6 S 0147 S.0
218 36 S 0020 5.0
219 42 S +409 3=1/2
168 42 S 0205 4=1/4
169 140 S 211 4=3/4

20 180 S « 206 4-3/4

68 180 S «250 4,00
118 180 S 372 4=1/2

19 600 S $278 5.00

69 2,700 S «230 5.00
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Table IV,

specimens tested at 7

0oer

Individual stress-rupture results
for PPG 3235 annealed

sandblasted

45% Stress (2,870 psi)

II

III

v

<

21

70

71
120
121
170
171
220

lﬁﬁ 221

00000 0aaa0

60% Stress (3,830 psi)

II

III

IV

173
223
23

A
2%

72
73
122
123
172
222

180
2,040
c

(o2 o T o T T o TN ¢ J

s 0 2 08 0 Y O N

L)
[
o

0 0 2 0 0 0 3 OO

»©> o

s 680 v 080 00O
0o

75% Stress (4,735 psi)

I

III

IV

<$

25
26
74
75
124
125
174
175
224
225

[OOOOOOOOQO :
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Table V.

Individual stress-rupture results for

PPG 3235 annealed, sandblasted specimens

tested at 830°F
45% Stress (3,045 psi)

-~
-4

11X

Iv

<$

27
82
76
77
126
127
176
177
c22

227

aacnoo0Q0aoa0a00

60% Stress (4,060 psi)

II

III

v

78
83
84
85
128
129
178
179
228
229

716,7

Q000000 0a0

00c

0 v 0 0 0y

«020

o

ter s 110]<

75% Stress (5,075 psi)

I

-
~

III

IV

8l

80

87
130
180
1el
230
231
281
282

0O0Q0O0000a0a0

[0
o

9 0 0 0 00 8 0 IM

o

s 8 8 0B YN
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Table VI, Individual stress-rupture results for
PPG 3235 semi-tempered, sandblasted
specimens itested at 75°F

70% Stress (9,365 psi)

III IV

—
~
L}
<

416
417
464
465
514
515
564
565
614
615

® %k * & ¥ % X & X %
s 8 0 8 8 8 0 8 0
$ 98 0 0 00 00
s 8 0 0 8 80 3 00

80% Stress (10,705 psi)

I II III Iv

599 156,000
418 »

419
466
467
516
517
567
615

617

90% Stress (12,040 psi)

i
.

$ 0 00 08 0S8 O]

o

® % % & % X % X

s 350 0 00 00 M
s 00 0 0 8 00 B8

I II III IV \
469 158 - - -
519 360 - - -
421 601 - - -
S18 71,400 - - -
618 149,040 . - -
468 244,680 - - -
420 1'642' 200 - - b
568 * - - -
569 * - - -
619 * [ ] - -
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Table VII. Individual stress-rupture results for
PPG 3235 semi-tempered, sandblasted

specimens tested at 700°F
70% Stress (8,065 psi)

[on]
=

III

v

<

422
4238
470
471
520
521
S70
571
€2

621

o000 o0o0a00a0

80% Stress

(8,215

psi)

—
[ on )

III

-
b

i

424
425
472
473
522
523
572
573
€22

OO0 000

N
N
(&)
O

90% Stress (10,370 psi)

-
—

III

IV

42¢€
427

474
A7%

524
528
S74
S75
€2

625

20 000

(2 BEQ BRI IND}

WAZC TF Soe845 Pt IV
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Table VIII. Individual stress-rupture results
for PPG 3235 semi-tempered, sandblasted
specimens tested at 830°F

70% Stress (6,795 psi)

I II III IV

526 4,500¢c
428
429
493
477
527
576
S77
626
627

HEEEEEREE NN

wn
®

t 1111111 10l<
o

anaoaoaaaaoaaaqa

80% Stress (7,770 psi)
II1 Iv

—
-
]
<

430
431
478
479
528
529
578
598
628
629

(o I o B o B o RN o o 2N ¢ B0 BN e Mo
Tt 1 ¢ 0 0 0 ¢ s 88
s ¢t 8 0 0 0 8 8 0
s 8 06 0 0 8 ¢ 00

90% Stress (8,740 psi)

I

432
433
480
481
530
531
580
581
630
631

-~
-

III

2
<

(o Jo 2o I o I o I o B » B o Mo BN 9]

WADC TR 56-645 Pt IV 39



Table IX. Individual stress-rupture results for
PPG 3235 tempered, sandblasted specimens
tested at 75°F

70% Stress (15,240 psi)

I II ITI IV \'
816 * - - -
817 * - - -
864 * . - -
865 * - - -
014 * - . -
al5 * - - -
65 » - - ,
967 * - - -

1015 * - - -
1016 * - - -
80% Stress (17,415 psi)

I II III IV v
818 * - - -
819 * - - -
866 * - - -
867 * - - -
916 » - - -
817 » - - -
968 * - - -
969 » - - -

1017 * - - -
1018 * - - -
90% Stress (19,595 psi)

I II III v \'f
821 300 - - -
Q18 300 - - -
869 600 - - -
820 3,000 - . -

1020 11,580 - - -
868 1,234,080 - - -
101¢ 1,234,600 - - -
919 * - - -
870 » - - -
971 * - - -

WADC TR 56-645 Pt IV 40




Table X. Individual stress-rupture results for

PPG 3235 tenpered, sandblasted specimens
tested at 700°F

70% Stress (8,815 psi)

-
—

III IV

<

822
8238
870
871
820
921
972
973
1021

1022

anooooaaaaaan

80 Stress (10,070 psi)

I

—
L)

III IV

<5

824
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975
1023

1024

a0 o
[ I T IO D R B B |

90% Stress (11,330 psi)

I

II III IV

<

827
878
924
826
875
925
976
977
1025
1026

126,000¢
201,600c
523, 380c¢

0000000

[
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Table XI. Individual stress-rupture results for
PPG 3235 tempered, sandblasted specimens
tested at 830°F

70% Stress (6,230 psi)

I II I1I Iv

<

927 37,500c
828
829
876
877
926
978
979
1027
1028

000000000

80% Stress (7,120 psi

—
-
—

ITI Iv

<<

&879
8§30
831
880
c28
€29
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1030

-
O
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QOO0 00~
(3]
O
(@)
(9}

w

0% Stress (8,010 psi)

4
L]

III Iv
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Table XII. Individual stress-rupture results for
CGW 1728 annealed, sandblasted specimens

tested at 7s5°F
45% Stress (2,985 psi)

I II III Iv \'f
115 1,800 E - 3-3/4
113 16,200 E - 4-1/2
106 * - - -
107 * - - -
108 * - - -
109 * - - -
110 * - - -
111 » - - -
112 * - - -
114 * - - -

60% Stress (3,980 psi)

I II IIT Iv \'s
118 900 E - 4-3/4
119 6,600 S 578 4.0
116 40,980 S «433 5.0
12§ 81,360 S .718 4.0
1238 313,740 S « 567 4-1/2
117 440,000 S ¢ 336 5.0
124 1,374,540 S 1.130 4.0
120 * - - -
121 * - - -
122 * - i -

75% Stress (4,970 psi)

I II III IV \'f
129 246 S . 310 4-1/4
132 300 S .103 4-1/4
138 300 S «517 3-1/2
127 600 S « 264 3-3/4
134 4,080 S . 294 5.0
130 5,820 S . 969 3-1/4
135 76,800 S . 331 5.0
131 205,620 E - 4.0
126 478,500 S <312 4-1/2
128 587,160 E - 4-1/2

WADC TR 56-645 Pt IV
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Table XIII. Individual stress-rupture results for
CGW 1723 annealed, sandblasted specimens
tested at 700°F

45% Stress (2,740 psi)
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III IV

<

136
137
138
139
140
141
142
143
144
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* ok & %k %k %k Kk k * X
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[ NN IR N N DA R I B B s ]
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Table XIV. Individual stress-rupture results for
CGW 1723 annealed, sandblasted specimens
tested at 1150°F

45% Stress (3,505 psi)

III IV

—
H
H
<3

166
167
168
169
170
171
172
173
174
175

oo

60% Stress (4,675 psi)
III IV

I

180 622,200¢
176
177
178
179
181
182
183
184

185
75% Stress (5,840 psi)
I II III IV

188 66 .134
120 1,800 144
186 96,000¢ -
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191
192
193
194

195

WADC TR 56-645 Pt IV 45
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Table XV. Individual stress-rupture results for
CGW 1723 semi-tempered, sandblasted
specimens tested at 75°F

60% Stress (10,790 psi)

I II III Iv v
352 229,200 S - 5.00
346 * - - -
347 * - - -
348 * - - -
349 * - - -
350 * - - -
351 * - - -
353 * - - -
354 * - - -
355 * - - -

75% Stress (13,485 psi)

I II III IV \'
365 121 S .070 5.00
361 28,620 S - 5.00
363 47,520 S - 5.00
357 217,020 S - 4-3/4
356 474,900 S - 4-3/4
358 * - - -
359 * - - -
360 * - - -
362 * - - -
364 * - - -

90% Stress (16,180 psi)

I II ITI Iv '
367 o S .054 5.0
368 o < .052 5.0
369 o S .045 5.0
370 o S - 5.0
371 o S - 5.0
373 62 S - 4-3/4
366 65 S - 4-1/2
375 66 S - S.g

7 357 S - .
37; 1 785 ﬁf - i-gig

.L

WADC TR 56-645 Pt IV

>
o



Table XVI. Individual stress-rupture results for
CGW 17283 semi-tempered, sandblasted
specimens tested at 700°F

60% Stress (9,810 psi)

ITI IV

on |
—
[e)
<3

376
377
378
379
380
381
382
383
384

3895
75% Stress (12,265 psi)
III IV

o000 o0a0

Q

—
-t
—
<

386
387
388
389
390
391
392
393
394
395

(oo B o N0 RN o NN o o IO Mo

Q

90% Stress (14,715 psi)

I II III Iv Vv
403 61 S .049 4-1/4
346 c - - -
327 c - - -
398 c - - -
399 c - - -
400 c - - -
401 c - - -
402 c - - -
404 c - - -
405 c - - -

WADC TR 56=€45 Pt IV 47



Table XVII. Individual stress-rupture results for
CGW 17283 semi-tempered, sandblasted
specimens tested at 1150°F

60% Stress (6,510 psi)
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H
o}

III IV
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409
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411
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aoooaaaoaaQaaoao0QaQ

75% Stress (8,140 psi)
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—
-
<
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000000000

90% Stress (9,765 psi)

I II 111 IV

426 60
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33
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n

NEEEEEEE
o
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P 0 8 0 0 0N OO <

(o I o o Mo o Mo I o o}
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Table XVIII. Individual stress-rupture results for
CGW 1723 tempered, sandblasted
specimens tested at 75°F

60% Stress (14,370 psi)
III Iv

-
-

I

586
587
588
589
590
591
592
593
594

595

75% Stress (17,965) psi)
III IV

<

k %k *x %k X %k %k % Xk
[ DN DN N D B RN R B B |
[ D N N B R B B B |

*x

L]
—
(]
<

596
597
598
59¢
600
601
602
603
604

605

90% Stress (21,555 psi)

¥ % X % %k % % X %

*

I II III Iv Vv
607 120 S - 5.0
608 3,000 S - 5.0
609 82,080 S - 5.0
606 329,400 S - 5.0
615 813,120 S - 5.0
611 1,547,100 S - 5.0
610 * - - .
612 » . - -
613 * - - -
6 4 - - -

—

>
(7]

WADC TR 56-645 Pt IV



Table XIX. Individual stress-rupture results for
CGW 1723 tempered, sandblasted specimens
tested at 700°F

60% Stress (14,020 psi)
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o]

III IV

<
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623
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aoaQaooa0oao0aoa

75% Stress (17,530 psi)
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Table XX. Individual stress-rupture results for
CGWw 1723 tempered, sandblasted specimens
tested at 1150°F

60% Stress (6,270 psi)
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655

a0

75% Stress (7,840 psi)
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I
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€58
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€63
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807 Stress (9,405 psi)

I II I1I1I IV
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Table XXI. Individual stress-rupture results for
CGW 7740 annealed, sandblasted specimens
tested at 75°F

45% Stress (2,745 psi)

I II III Iv V'
121 * - - -
122 * - - -
123 * - - -
124 * - - -
125 * - - -
126 * - - -
127 * - - -
128 * - - -
129 * - - -

* - - -
*L_—'—; A#ﬁ
607 Stress (3,660 psi)

I II III IV \'s
138 o E - 5.0
140 2,640 E - 5.0
131 * - - -
132 * - - -
133 * - - -
134 * - - -
135 * - - -
13¢ * - - -
137 * - - -
139 * - - -

757 Stress (4,575 psi)

I II III Iv A
141 (o} E - 5.0
143 o E - 5.C
149 52 o « 230 5.0
150 150 c - 4-3/4
148 359 = 0218 5.0
144 85,740 ) - 5.0
142 33¢, 300 £ - 5.0
1435 3¢1,680 < $23° 4-3/4
145 544,220 § 114 4-3/4
147 ] Gﬁfi:gp - «230 5.0

VADC TR 56-648 Ft IV
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Table XXII. Individual stress-rupture results for
CGW 7740 annealed, sandblasted specimens
tested at 700°F

45% Stress (3,465 psi)
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Table XXIII.

Individual stress-rupture results for

CGW 7740 annealed, sandblasted specimens
tested at 870°F

45% Stress (3,645 psi)
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Table XXIV. Individual stress rupture results for
CGW 7740 semi-~tempered, sandblasted

specimens tested at 75°F
60% Stress (7,140 psi)

I 11 [ 111 v v
361 * - - -
362 * - - -
363 * - - -
364 * - - -
365 * - - -
366 * - - -
367 * - - -
368 * - - -
369 * - - -

7 * - - -
370 — |

75% Stress (8,925 psi)

I II III IV \'%
375 41,940 S - 5.0
380 152,100 S .106 5.0
378 183,420 E - 5.0
378 301,140 s 106 5.0
371 465,600 S .106 5.0
372 * - - -
374 * - - -
376 * - - -
377 » - - -
379 » - - -

90% Stress (10,710 psi)

I II III IV A4
381 ] S - 500
383 O S - 5-0
384 180 S - 5,0
390 420 S - 5.0
386 842 S - 5.0
385 1,620 S .082 5.0
389 6,240 S - 5.0
388 12,600 S - 5.0
382 43,905 N - 5.0
387 150q900 S .086 5.0 TJ

WADC TR 56-645S Pt IV LY




Table XXV.

Individual stress~rupture results for

CGW 7740 semi-tempered, sandblasted

specimens tested at 700°F
60% Stress (6,720 psi)
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400

anaooooo0oaQ0Qa

75% Stress (8,400 psi)
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90% Stress
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Table XXVI. Individual stress-rupture results for
CGW 7740 semi-tempered, sandblasted
specimens tested at 870°F

60% Stress (6,540 psi)

I II III Iv v
423 67,200c E - 5.0
425 126,900¢ E - 5.0
421 c - - -
422 c - - -
425 c - - -
426 c - - -
427 o] - - -
428 c - - -
429 ¢ - - -

Q

75% Stress (8,175 psi)

430

I II III IV \'
431 19,800¢ - - -
432 C - - -
433 c - - -
434 C - - -
435 c - - -
436 c - - -
437 c - - -
438 c - - -
439 c - - -
440 C - - -

% Stress (9,810)

I II III IV \'
442 o) E - 5.0
441 12% B - $.0
450 6,120¢c S - 5.0
447 17,100c¢ E - 5.0
444 18,900¢ E - 5.0
443 33, 300¢ E - 5.0
445 51,900c 3 - 5.0
446 (o] - - -
448 c - - -

L 449 c - - -
WADC TR 56-545 Pt IV S7



APPENDIX II
Detailed Results for the Rate of Loading Tests on PPG 3235

The individual results obtained for the rate of loading
tests on sandblasted, annealed, PPG 3235 specimens are pre-
sented in Tables XVII through XXXII. The columns in the
tables are titled with Roman numerals and these numerals stand
for the following column headings.

Column (Tables XXVII to XXXII inclusive):
I. Identification number of the specimen.

II. Modulus of rupture in pounds per square inch.

ITI. Fracture origin. S - fracture originated ~n the surface
of the specimen. E - fracture originated on the edge of
the specimen.

IV. Location of the fracture origin from one end of the
specimen. Distances from four inches to five inches
show that fracture occurred between the loading knife
edges.

V. Radius of the mirror portion of the fracture surface in
inches.

WADC TR 56-645 Pt IV 58



Table XXVII. Modulus of rupture of annealed,
sandblasted PPG 3235 specimens
loaded at a rate of 10 psi/min

I II III IV \
232 4,800 S 4-3/4 0.236
235 4,800 S 4-1/2 .203
240 4,900 E 4-1/4 -
244 4,900 S 4-1/2 « 266
234 5,100 S 5.0 .187
245 5,100 S 5.0 0217
242 5,400 S 4-1/2 «196
239 5,500 E 5.0 -
236 5,600 S 5.0 128
241 5,700 S 5.0 0145
237 5,900 S 4-1/2 .128
246 5,900 S 4-3/4 «117
238 6,000 S 5.0 «154
247 6,000 E 4-1/2 -
2338 6,100 ) 5.0 .130

WADC TR 56=-645 Pt IV 59



Table XXVIII. Modulus of rupture of annealed,
sandblasted PPG 3235 specimens
loaded at a rate of 100 psi/min

I II III IV \'s
341 4,300 S 4-1/2 0.313
363 4,300 E 5.0 -
339 4,700 S 5.0 220
342 5,200 S 4-3/4 .149
336 5,400 S 5.0 178
337 5,500 S 5.0 121
346 5,600 S 4-1/2 134
367 5,600 S 5.0 147
343 5,700 S 5.0 .128
345 5,700 S 4-3/4 .139
340 5,8Q0 S 4-3/4 134
361 5,800 S 5.0 131
348 6,100 S 4-3/4 122
347 6, 300 S 4.0 129
344 6,600 S 4-3/4 .088

WADC TR 50-645 Pt IV 60




Table XXIX. Modulus of rupture of annealed,
sandblasted, PPG 3235 specimens
loaded at a rate of 1,000 psi/min

I II IIT Iv \'f
188 4,700 S 4-1/2 0.249
264 4,700 E 5.0 -

18 5,200 S 4-3/4 172
265 5,200 S 4.0 0172
142 5,400 S 4-1/2 «162
145 5,600 S 5.0 «145
133 5,700 S 5.0 «155
266 5,700 S 5.0 «162
191 6,000 S 4-1/2 .120
139 6,100 S 5.0 «113
335 6,100 S 5.0 0117
182 6,200 S 5.0 124
194 6,200 S 5.0 «135
314 6,400 S 5.0 «107
185 6,500 S 4-1/2 .100

WADC TR 56-645 Pt IV 61




Table XXX. Modulus of rupture of annealed,
sandblasted, PPG 3235 specimens
loaded at a rate of 10,000 psi/min

I II III v v
197 5,300 E 4-1/4 -
183 6,000 S 4-3/4 0.118
143 6,200 S 5.0 115
192 6,200 S 5.0 .109
195 6,200 S 4-1/2 .133
140 6500 S 4-1/2 .098
189 6,700 S 4-1/2 .100
267 6,700 S 4-3/4 .090
269 6,900 S 5.0 .061
134 7,000 S 4-3/4 .076
186 7,200 S 5.0 .079
198 7,300 < 4-3/4 .070
137 7'400 S 5.0 .076
268 7,500 c 5.0 .073
146 7,600 S 5.0 .069

VADC TR 56-€45 Pt IV 62




Table XXXI. Modulus of rupture of annealed,
sandblasted, PPG 3235 specimens
loaded at a rate of 100,000 psi/min

I II III IV Vv
135 6,000 S 5.0 0.047
138 6, 300 S 4-3/4 059
199 6,600 S 4-1/2 .071
190 6,700 S 4-3/4 +074
187 6,800 S 4-1/2 .071
141 7,000 S 4-3/4 .049
193 7,100 S 4-1/2 .05l
184 7,300 S 4-3/4 .078
270 7,400 S 4-3/4 .056
148 7,500 S 5.0 +055
149 7,500 S 5.0 «053
196 7,500 S 4-3/4 «054
144 7,800 S 4-3/4 .049
271 7,900 S 4-1/4 «049
272 8,200 S 5.0 .042

WADC TR 56-645 Pt IV 63



Table XXXII. Modulus of rupture of annealed,
sandblasted, PPG 3235 specimens
loaded at a rate of 1,000,000 psi/min

I I | 1 v v
315 7,400 S 5.0 0.049
321 7,400 S 5.0 -
326 7,600 S 5.0 .047
318 7,700 S 5.0 <047
316 7,800 E 5.0 -
319 7,800 S 5.0 .049
323 8,000 S 5.0 -
325 8,000 S 5.0 «044
317 8,100 S 4-3/4 -
322 8,100 S 4-3/4 «041
320 8,200 S 5.0 -
32¢ 8,200 S 5.0 «040
324 8,400 S 5.0 «040
327 8,500 S 4-1/2 .038

67 6,500 S 5.0 .036

WADC TR 56-645 Pt IV
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